Abstract: Bioassay, which detects biohazardous property of environmental contaminants, is still being an unexplored field of air quality monitoring. This study aims to develop a simple testing system of toxicity of the indoor particulate matter by detecting bioluminescence reduction of marine bacterium Vibrio fischeri. Suspended particulate matter in indoor and outdoor air was collected on a quartz fiber filter at a flow rate of 23.5 L/min. by a low volume air sampler for 7-day duration, at the terrace and living room of an apartment house in Kanagawa, Japan. Collected materials were extracted with sterilized distilled water by mild shaking. After filtration with 0.45 m pore size filter, the extracts were subsequently mixed with a bacterium solution in a well of 24-well plate and time courses of bioluminescence intensity were measured by a luminometer. As a result, the water extracts of indoor and outdoor aerosol samples significantly reduced the bioluminescence of Vibrio fischeri and the inhibition per sampling volume increased with increasing TSP concentrations. The inhibition per unit mass of the indoor aerosols became greater than that of outdoor aerosols, when increasing in air change rate. The inhibition tended to correlate with nitrate and sulfate concentrations in the extracts. This study showed possible application of bioassay to the monitoring of indoor suspended particle contamination.
INTRODUCTION
Air quality has been traditionally evaluated using chemical and physical methodologies [1] . Bioassay, which detects biohazardous property of environmental contaminants by using a biological reaction of test organisms, is still being an unexplored field of air quality monitoring despite that numerous studies on bioassay in aquatic and soil environment have been presented.
Marine bacterium Vibrio fischeri (V. fischeri) is one of the popular test organisms used for bioassay, describing in ISO11348. The V. fischeri is generally found in symbiosis with various marine animals, such as fishes and squids, and has bioluminescent property caused by transcription induced by quorum sensing [2] [3] [4] . The bacterial light blue luminescence is produced by luciferin-luciferase system; luciferin + ATP luciferyl adenylate + P 2 O 7 4 luciferyl adenylate + O 2 oxyluciferin + AMP + light ( =490 nm)
However, the bioluminescence intensity reduces when respiratory metabolism is inhibited by toxic components in environmental samples. In general, environmental samples are complex media, involving known and unknown chemical compounds at different concentration levels. The bioassay then becomes a strong tool for measuring overall toxicity, as a result of antagonism and synergism, of environmental samples. There are numerous papers describing the use of V. fischeri to detect the environmental contaminations. Schwedt et al. [5] used the bioluminescence inhibition of V. fischeri for testing hazardous chemicals, such as formaldehyde, phenols, cyanide and lead ion 5) . Maxam et al. (2000) applied the bioassay coupled with chemical analysis for soils contaminated by heavy metals and showed its effectiveness and necessity as a potential risk estimation method of soil contamination [6] . Farre et al. [7] and Kovats et al. [8] However, the bioassay is still being an unexplored field of air quality monitoring. Only a few reports were presented describing the application of the bioluminescence inhibition of V. fischeri to detect the overall acute toxicity of atmospheric aerosol samples: Triolo et al. [9] and Ikeda and Sekine [10] . Then, in this study, authors have demonstrated the bioassay for water extracts of suspended particulate matter in indoor air, detecting the bioluminescence reduction of V. fischeri as toxicity index.
EXPERIMENTAL

Sampling of Total Suspended Particles (TSP)
Outdoor and indoor TSP samples were collected on a quartz fiber filter (Whatman International, Maidstone, England, QMA, 47 mm ) at a flow rate of 23.5 L/min by a low volume air sampler (Shibata Science, Tokyo, Japan, SIP-32L) for 7-day duration, at a living room and terrace of an apartment house at Hiratsuka-city, Kanagawa, Japan on June 16th-23rd, July 14th-21st, October 7th-14th and November 17th-24th in 2008 (Fig.2) . TSP concentrations were calculated from the difference of weight of the collection filter, W ( g), before and after sampling, normalized by the sampling air volume (m 3 ). The collection filters ( Fig.1) were kept 48 hours in the desiccator controlled 47 3 % of relative humidity using saturated solution of calcium nitrate. Then the weight of filters was measured with an electronic balance. 
Measurement of Air Change Rate
Air change rate, N, of the apartment house was measured by PFT method [11] , using hexafluorobenzene (HxFB) as a tracer gas and passive sampler (Sigma-Aldrich Japan, Tokyo, Japan, VOC-SD) for the determination of air concentration. After weighing the HxFB gas generators (Sigma -Aldrich Japan, Tokyo, Japan, TGG-PFB), 4 generators were set in the living room of the apartment. After 5 hours the passive sampler was deployed in the center of the room (height, 2.0 m above the floor). After 24 hours the passive sampler was retrieved for analysis. Weight changes of gas generators, w, were measured after 7 days. Then emission rate of HxFB, M, was calculated from w. HxFB collected by the passive sampler was determined by GC/MS. The GC/MS system consists of Shimadzu (Tokyo, Japan) GC-17A gas-chromatography and Shimadzu QP-5000 mass spectrometer. The following condition were used: column, 0.25 mm×60 m, SPB-1 (Sigma-Aldrich); carrier gas, high-purity helium 99.9999 % above; flow rate, 1.2 mL/min.; Temperature program, 60 1 /min. 75 ; injection volume, 1 L; mode, SIM. Diluted HxFB (Wako pure chemical industries) were used as analytical standards.
Collected HxFB was then converted to air concentration, C. Air change rate was calculated from C and M by equation (1) . Fig.3 shows measurement procedure of BLI of V. fischeri. Collected filters were cut into a proper size and put into a plastic syringe. Water soluble components were extracted with 10 mL of sterilized distilled water by mild shaking. Then, extracts were filtered with 0.45 m pore size filter. Rehydration medium was added into the freeze-dried powder bacteria, and after 50 min standing the bioluminescence of bacteria reactivated. The filtrates were subsequently mixed with a bacteria solution in a well of 24-well plate. The time courses of bioluminescence intensity, BLI, were measured by the luminometer (Cybersense Biosystems, Reading, UK, RT001). 
Measurement of Bioluminescence Intensity (BLI)
RESULT AND DISCUSSION
Toxicity of Water Extracts of Indoor Particles
The typical time-courses of BLI in cases of travel blank (quartz fiber filter only), indoor aerosol sample and positive control (40 mg/L CuSO 4 aq) were shown in Fig.4 . As well as the positive control, the BLI significantly reduced with time for aerosol samples, which was collected at indoor air of the living room on July 14th-21st 2008. The BLI was found to reduce 26 % within 1 min. after adding the water extract of the aerosol sample into the bacteria solution. This suggests the water soluble components of the indoor particulate matter showed acute toxicity to the bacteria, resulting in the reduction of bioluminescence. In the following sections, the BLI at 15 min. was used for toxicity evaluation. 
Influence of Air Change on Air Quality
Table1 shows results of a series of field measurements: calculated air change rate, INH/V, TSP concentration, INH/W and Indoor-Outdoor ratio (I/O) of TSP concentration. Air change rates of the room greatly changed with month ranging from 0.12 to 1.2 /h. This was because of the variation of inhabitant's life style by month. The I/O of TSP concentrations ranged from 0.35 to 0.46, which were less than unity every month. This means most of the suspended particulate matter in indoor air comes from outdoor sources in these cases.
Every aerosol sample showed significant inhibitions of the bioluminescence of V. fischeri, resulting in 0.06 to 0.26 %/m 3 of INH/V. Fig.5 Jun.
Jul.
Nov.
Oct. On the other hand, the INH/W values, which potentially depend on the chemical components in the aerosol samples, were almost constant for outdoor particles at each sampling period. However, the values of indoor samples varied by month, in other terms, air change rates of the living room. Fig.6 shows plots of INH/W against the air change rate of the living room. Authors predicted INH/W of indoor samples would increase with increasing of air change rate, and close to outdoor level. However, by increasing of air change, INH/W of indoor particles tended to be greater than those of outdoor particles.
This can be explained by changes in size distribution of atmospheric aerosol particles when introduced into indoor environment; coarse particles were eliminated from the total aerosol flux by deposition and adsorption through meshed windows, whilst fine particles penetrated without such a removal process. This is supported by the evidence that the toxicity of the particles in fine mode (<0.43 m) were higher than that of coarse particles (>1.1 m), collected by an Andersen type air sampler at Kanagawa, Japan [10] . Therefore, this kind of bioassay could be a useful monitoring method for detecting the changes in quality of the suspended particulate matter transported in air flow and/or introduced by ventilation systems. 
CONCLUSION
In this study, the bioassay using V. fischeri was applied to outdoor and indoor TSP samples collected at Kanagawa, Japan. As the result, following new findings were obtained. 1) Water soluble components of indoor aerosol samples inhibited the bioluminescence of V. fischeri.
2) The INH/V tended to increase with increasing the TSP concentrations. 3) Toxicity of the aerosol particles changed when introducing into indoor environment. This study showed possible application of bioassay to the monitoring of indoor particle contaminations. Coupling of this biological method with chemical and physical methodologies will be important for total IAQ evaluation.
